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Introduction
Research in the use of low melting salts based on alkyl 1,3-N, N'-substituted imidazolium cations has increased almost exponentially in the last five years.^'^ Scientists have used them as novel solvents in a wide array of organic synthesis'*"^, catalytic work'' ^ and separations^. Low melting salts offer several inherent advantages over neutral materials, including negligible vapor pressure, wide liquid ranges, and unique solvating power. The physical properties of the ionic liquid can be tailored by judicious choice of the pendant alkyl side chains of the substituted imidazolium cation ring as well as by the nature of the paired anion. However, di-alkyl substituted imidazolium rings suffer fi-om being fuel rich, having relatively poor heats of formation, and low densities.
At AFRL, we have been investigating low melting salts for several years and have discovered similar physical properties with a different, more desirable, parent heterocyclic ring system, 4-amino-1,2,4-triazole. This heterocycle has a high positive heat of formation, significantly higher density, and less fuel content than that of the fivemembered, two nitrogen atom imidazole ring. The chemistry used herein is not novel, it was first described by pharmaceutical workers over a decade ago^" in the search for DISTRIBUTION STATEMENT A Approved for Public Release i Distribution Unlimited making pure 1-substituted-1,2,4-triazole systems. We have improved and expanded this process to make a large family of new, high purity l-R-4-amino-l,2,4-triazolium bromide salts in essentially quantitative yields. Subsequent metathesis with the appropriate silver salts led to several new families of nitrate, perchlorate and nitrocyanamide ionic liquids. These materials were characterized by vibrational spectroscopy, multinuclear nmr, elemental analyses, DSC studies, and initial impact and friction studies.
General Synthesis and Characterization
Previously, a communication reported the alkylation 4-amino-l,2,4-triazole forming l-alkyl-4-amino-l,2,4-triazolium salts with subsequent diazotization of the Namino group to form desired 1-substituted-l,2,4-triazoles.'° However, the intermediates were not focused upon since the real effort was at the pharmaceutically active 1- 
Thermal and Initial Safety Studies
Differential Scanning Calorimetry (DSC) studies revealed the high stability of all of the energetic salts. In many of the salts, a definite melt point could not be obtained, and often only a glass transition could be observed. This was noted even after many cooling/warming cycles (-100 "C to 50 "C) in the DSC cell. This behavior has been noted before in many other ionic liquids^"^, and can often be attributed to poor fit between the cation and anion of the salt. Figure 5 demonstrates a typical DSC study representative of the new energetic ionic liquids obtained, illustrating the low melting point as well as the high decomposition temperature onset.
In Tables 1, 2 , and 3, the melting (often glassing point), and the decomposition onsets of the new nitrate, perchlorate, and nitrocyanamide salts have been listed respectively. With the relatively high decomposition onsets, all materials had excellent thermal stability losing significantly less that 1% mass loss per day at 75 "C. Table 3 . Measured melting/decomp. onset temperatures of the nitrocyanamide salts.
Some of the salts were tested for their sensitivity to impact and friction. Impact sensitivity was determined on an Olin-Mathieson style drop weight tester. For friction sensitivity, a Julius Peters instrument was employed vdth ceramic pins and plates. Some general trends were noted and follow the expected nature of the corresponding anion.
Most of the nitrate salts are relatively insensitive to impact and friction, the perchlorate salts being significantly more sensitive, while most are still reasonable to work with, and finally the nitrocyanamide salts which were extremely sensitive to impact and friction and should be handled with extreme caution.
Conclusions
Several new families of low melting salts based on l-alkyl-substitued-4-amino-1,2,4-triazolium cations were synthesized and well characterized using a variety of techniques.
These families of materials all share desirable low melting points yet have relatively high decomposition onsets which make many of these materials interesting for a wide array of uses. Initial safety testing revealed a wide array of relatively insensitive nitrate salts to the highly sensitive nitrocyanamide salts.
